INTRODUCTION {#sec1-1}
============

The vast majority of men with prostate cancer will die of causes unrelated to their malignancy.\[[@ref1][@ref2][@ref3]\] On the other hand, prostate cancer treatment is associated with complications and side effects, and affect the quality of life (QOL) after treatment. Hence, in determining the therapeutic strategies for prostate cancer, it is important to estimate the possibility of prostate cancer recurrence and survival. Risk classification and nomograms have been proposed as a method to evaluate the likelihood of prostate cancer recurrence and prognosis. Risk classification, such as the D'Amico classification.,\[[@ref4]\] is a method of grouping patients with the same prognosis by combining multiple factors, such as the clinical tumor (cT) stage, prostate-specific antigen (PSA) level and Gleason score. According to the D'Amico criteria, the intermediate-risk group includes patients with three intermediate risk factors (clinical stage T2b lesions, a Gleason score of 7 or PSA level of \>10 and ≤20 ng/ml). Cases that do not belong to the low- or high-risk groups are also assigned to the intermediate-risk group. As a result, the breadth of cases included in the intermediate-risk group is wide and the intermediate-risk group encompasses the largest population among the three groups in the D'Amico classification.\[[@ref5][@ref6]\] Therefore, more precise stratification and personalized management might be required in patients classified in this group.\[[@ref7]\] Although there is a variety of combination of factors, studies assessing factor combinations are limited. Therefore, the relationship between the PSA failure rates after RP (radical prostatectomy) and the number and conditions of intermediate risk factors were examined in the intermediate-risk group in the present study.

MATERIALS AND METHODS {#sec1-2}
=====================

 {#sec2-1}

### Patient characteristics and risk group classification {#sec3-1}

Patients who underwent prostate biopsies and received a diagnosis of prostate cancer at the National Kyushu Cancer Center (Fukuoka, Japan) or additional associated institutions were assessed in this study. Embedded whole-mount antegrade open RP tissue specimens obtained from 638 patients with adenocarcinoma treated between August 1998 and May 2013 were reviewed. The patients underwent pelvic lymph node dissection during the same time period. A total of 157 patients were excluded from this study, including 151 patients due to a history of receiving hormonal therapy and six patients due to unclear biopsy or prostatectomy specimen findings. All patients were Japanese (median age, 66 years; range, 47--77), and the PSA levels ranged from 0.623 to 39.413 ng/ml (median, 7.491 ng/ml). The median follow-up period after surgery was 54.1 months.

The patients were classified into three risk groups according to the D'Amico criteria.\[[@ref4]\] The low risk (stage T1c, T2a, and PSA level ≤10 ng/ml and Gleason score ≤6), intermediate risk (stage T2b or Gleason score of 7 or PSA level \>10 and ≤20 ng/ml), and high risk (stage T2c or PSA level \>20 ng/ml or Gleason score ≥8) groups comprised 107 (22.2%), 222 (46.2%), and 152 (31.6%) patients, respectively. The present study determined the cT classification based on only the results of the digital rectal exam, in accordance with the original study by D'Amico *et al*.\[[@ref4]\] There are no patients who had been diagnosed posttransurethral prostatectomy. Since the risk classification of D'Amico is composed of three factors (cT stage, bGS7; biopsy Gleason score 7, and PSA \> 10, ≤20), subanalyses according to the number and conditions of intermediate risk factors were additionally added. Two pathologists evaluated the grade of malignancy in the biopsy and prostatectomy specimens according to the 2005 International Society of Urological Pathology Consensus Conference on the Gleason grading system and determined the pathological stage based on the 2009 TNM classification.\[[@ref8][@ref9]\]

### Methods {#sec3-2}

The RP specimens were fixed in 15% neutral buffered formalin (Wako Pure Chemical Industries, Ltd., Osaka, Japan) for 48 96 h, and whole organ prostate specimens were serially sectioned perpendicular to the rectal surface at 5 mm intervals. Sections that were predominantly caudal and cephalic were cut in the sagittal plane at 5 mm intervals to assess the bladder neck and apical margins. The specimens were subsequently embedded in paraffin, cut into 5 µm sections and stained with hematoxylin and eosin. Extraprostatic extension (EPE) was defined as an extension of the tumor from the prostate into the periprostatic soft tissue. The presence of tumor cells at the stained resection margin (RM) was defined as a positive RM. The follow-up schedule after RP involved a PSA assay performed every 3 months for the first 2 years, followed by every 4 months for the next 3 years and every 6 months thereafter. Disease recurrence and/or PSA failure were defined as the detection of a serum PSA level of \>0.2 ng/ml or the use of RP if the PSA level did not decrease to below 0.2 ng/ml after surgery. A number of patients who underwent RP were subsequently treated with radiation and/or hormone therapy before the serum PSA level exceeded 0.2 ng/ml. Therefore, in these patients, the time point of adjuvant therapy was defined as the date of disease recurrence. All patients provided their written informed consent to participate in this study, and the study protocol was approved by the ethics committee of the National Kyushu Cancer Center.

### Statistical analysis {#sec3-3}

The statistical analyses were carried out using the JMP^®^ Pro, Version 11.0.0 software package (SAS Institute, Inc., Cary, NC, USA). The PSA failure-free rate was determined according to the Kaplan--Meier method, and the significance of clinicopathological parameters associated with PSA failure was assessed using the Cox proportional hazards regression model. The log-rank test and Kruskal--Wallis test were used to determine differences between the risk groups and groups of each number of risk factors. *P* \< 0.05 was considered to indicate a statistically significant difference.

RESULTS {#sec1-3}
=======

 {#sec2-2}

### Clinicopathological characteristics according to risk group \[[Table 1](#T1){ref-type="table"}\] {#sec3-4}

###### 

Clinico-pathological characteristics based on risk groups

![](IJU-33-64-g001)

No differences were observed in the age of the patients between the groups. Based on the RP Gleason score, the low-, intermediate-, and high-risk groups had high-grade (Gleason score ≥8) tumors in 9.3% (10/107), 15.3% (34/222), and 42.1% (64/152) of the patients, respectively. The pathological stage was ≥T3 in 17.8% (19/107), 35.1% (78/222), and 54.0% (82/152) of patients in the low-, intermediate-, and high-risk groups, respectively. Lymph node involvement was observed in 1, 5 and 7 patients in the low-, intermediate-, and high-risk groups, respectively.

### Correlations between patient characteristics and PSA failure \[[Table 2](#T2){ref-type="table"}\] {#sec3-5}

###### 

Correlation between patient characteristics and PSA failure

![](IJU-33-64-g002)

The 5-year PSA failure-free rate in the low-, intermediate-, and high-risk groups was 96.5%, 88.9%, and 72.6%, respectively \[[Figure 1](#F1){ref-type="fig"}\]. The difference between the low and intermediate-risk groups and between the intermediate and high-risk groups was statistically significant (*P* = 0.011 and *P* \< 0.001 respectively). In the multivariate analysis, statistically significant differences were found in the T stage and seminal vesicle invasion among the patients with and without PSA failure \[[Figure 1](#F1){ref-type="fig"}\].

![Kaplan--Meier estimates of PSA failure free survival according to the risk group (*P* \< 0.001; df = 2). PSA = Prostate specific antigen](IJU-33-64-g003){#F1}

According to the Cox proportional hazards analysis of the intermediate-risk group, among the preoperative variables, only the T stage was a significant predictor. Meanwhile, postoperative characteristics, such as the RP Gleason score, pathological tumor stage, EPE, seminal vesicle invasion, and positive lymph nodes were significant predictors based on a univariate analysis.

### PSA failure rates based on number and nature of intermediate risk factors \[[Table 3](#T3){ref-type="table"}\] {#sec3-6}

###### 

PSA failure rates based on number and nature of intermediate risk factors

![](IJU-33-64-g004)

122 cases (55.0%) had only 1 intermediate-risk factor, among which PSA failure was noted in four cases (3.3%). Of these, 108 cases (48.7%) were so classified due to GS7 only and all PSA failure cases were in this group.

83 cases (37.4%) had two intermediate risk factors, among which PSA failure was noted in 14 cases (16.9%). 43 of these (19.4%) had cT2a/b and GS7 as the risk factors and PSA failure occurred in 12 of them (27.9%). 35 cases (15.8%) had GS7 and PSA between 10-20ng/ml as the risk factors and PSA failure occurred in two cases (5.7%).

Only 17 cases (7.7%) had all three intermediate risk factors, and PSA failure was noted in eight of these cases (47.1%).

PSA failure rate increased as the number of intermediate risk factors increased, and there was a significant difference among groups based on the total number of risk factors (*P* \< 0.001). The 5-year PSA failure-free rate in the one, two and three intermediate risk factor groups was 94.9%, 88.4%, and 49.0%, respectively \[[Figure 2](#F2){ref-type="fig"}\]. The difference between the one and two intermediate risk factor groups was statistically significant according to the log-rank test (*P* \< 0.001). In addition, the difference between the one and three intermediate risk factor groups was statistically significant based on the log-rank test (*P* \< 0.001). The difference between the two and three intermediate risk factor groups was also statistically significant according to the log-rank (*P* \< 0.001).

![Kaplan--Meier estimates of PSA failure free survival according to the number of factors (*P* \< 0.001; df = 2). PSA = Prostate specific antigen](IJU-33-64-g005){#F2}

DISCUSSION {#sec1-4}
==========

This study analyzed men with intermediate-risk prostate cancer according to the D'Amico criteria and sought to determine whether the number and type of intermediate risk factors are associated with the PSA failure-free survival rate after RP.\[[@ref4]\] Our results provide evidence to support the hypothesis that a greater number of intermediate risk factors is associated with an increased risk of PSA failure after RP in the intermediate-risk group and that cases classified into the intermediate-risk group based on all three intermediate risk factors are believed to include patients less likely to achieve a complete cure through surgery alone.

The results showed that the rate of a PSA failure-free rate in relation to the follow-up timeline achieved with RP alone in the intermediate-risk group was significantly lower than that observed in the low-risk group (*P* = 0.011), and significantly higher than that observed in the high-risk group (*P* \< 0.001). In addition, the correlations between the characteristics and PSA failure were examined in the intermediate-risk group \[[Table 2](#T2){ref-type="table"}\]. According to the results of the multivariate analysis, of the preoperative variables, the cT stage was a significant predictor in the patients with and without PSA failure (*P* \< 0.001). In addition, there were no cases of PSA failure among the bGS6 cases. Therefore, the preoperative variable of the biopsy Gleason score was not analyzed in the Cox proportional hazards regression model. Furthermore, the univariate and multivariate analyses did not reveal any statistically significant differences in the preoperative variables, including the preoperative PSA level, which is a component of the risk profile in the D'Amico risk classification (*P* = 0.242). However, the intermediate-risk group included only cases that did not belong to the low- or high-risk groups, and a potential problem with the risk classification system is the heterogeneity of patients in the intermediate risk category who have a different number of risk group determinants. Hence, the breadth of cases included in the intermediate-risk group was unexpectedly wide. Therefore, additional analyses were carried out with the intermediate risk factors used for risk stratification, including the PSA level, bGS, and cT status, in the intermediate-risk group.

First, the number and breakdown of intermediate risk factors were analyzed in the intermediate-risk group. As demonstrated in [Table 3](#T3){ref-type="table"}, 122 cases (55.0%) was classified into the intermediate-risk group based only on one intermediate risk factor, while 83 cases (37.4%) were classified according to two intermediate risk factors. Only 17 cases (7.7%) were classified based on all three intermediate risk factors; however, PSA failure was noted in eight cases (47.1%) at high rates. The PSA failure rate also increased as the number of intermediate risk factors increased, and there was a significant difference among the risk factor number groups (*P* \< 0.001). Furthermore, in the two intermediate risk factors group, there was a significant difference in the condition, cT2a/b+bGS7 (*P* = 0.021).

An analysis of the PSA failure-free survival rate in each risk factor number group was subsequently performed. The 5-year PSA failure-free rate in the one, two and three intermediate risk factor groups was 94.9%, 88.4%, and 49.0%, respectively \[[Figure 2](#F2){ref-type="fig"}\]. The difference between the one and two intermediate risk factor groups was statistically significant according to the log-rank test (*P* \< 0.001), while the difference between the one and three intermediate risk factor groups was statistically significant based on the log-rank test (*P* \< 0.001). Judging from these results, as the number of the intermediate risk factors increases, cases classified into the intermediate-risk group are believed to have a higher rate of PSA failure through surgery alone. In addition, the 5-year PSA failure-free rate in the low-risk group and intermediate-risk group with one intermediate risk factor was 96.5% and 94.9%, respectively, and the difference between these two groups was not statistically significant according to the log-rank test (*P* = 0.729). On the other hand, the 5-year PSA failure-free rate in high-risk group and intermediate-risk group with three intermediate risk factors was 72.6% and 49.0%, respectively, and the difference between these two groups was statistically significant according to the log-rank test (*P* = 0.039). Several studies have demonstrated the merit of the idea that males with multiple intermediate risk factors have similar outcomes as those with high-risk disease.\[[@ref10][@ref11]\] However, in the current study, the 5-year PSA failure-free rate of the cases classified into the intermediate-risk group based on all three intermediate risk factors was significantly lower than that seen in the high-risk group. The intermediate-risk group with all three intermediate risk factors is believed to comprise patients less likely to achieve a complete cure via surgery alone. Recent studies suggest that men with three or four of the unfavorable risk factors, including an elevated PSA velocity, and treated with either external beam radiotherapy or prostatectomy, are at particularly high risk of death from prostate cancer.\[[@ref10][@ref12]\] These cases might also require additional treatment strategies in the early postoperative period or novel therapies, to improve the potentially poor prognosis. In addition, the risk factors considered in the present study were pretreatment clinical risk factors, and many reported pathological risk factors of PSA failure after RP (including the pathological tumor stage, Gleason score, EPE, seminal vesicle invasion, positive surgical, margins, and others) are thought to possibly be better prognostic indicators.\[[@ref13][@ref14][@ref15]\] Therefore, the number of risk factors construct, as presented in this study, is most useful for counseling and decision-making in the pretreatment setting.

CONCLUSION {#sec1-5}
==========

The number of intermediate risk factors is significantly associated with the PSA failure-free survival rate after RP in the intermediate-risk group. Men with one risk factor only are more likely to achieve a complete cure via surgery alone, whereas men with all three risk factors are less likely to achieve a complete cure with surgery alone.
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